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Abstract

“l’he hydriding characteristics of some AB5 alloys produced by high pressure gas atomization

(l-lI’GA) have been examined during reactions with hydrogen gas, and in electrochemical

cells. ‘l’he hydrogen storage capacities and the equilibrium pressures for } 1 PGA processed

1 aNi5,  l,aNi4.75Sn0.25,  and Mt~~Ni~.5C(10.gA10,4Mn0.~  alloys (where Mm denotes

Mischmetal) are found to be nearly identical to annealed alloys produced as ingots. The

large discontinuous vcdume change across the et - ~ plateau region for gas-atomized

l,aNi51  lx was seen to produce extensive fracturing in all but the smallest alloy spheres.

However, only the largest spheres of the gas-atomized MTnNi~.5Co0.8A10.4Mn0.~  and

1,aNi4.75Sn0.2511x  alloys exhibited any discernible fracturing. The maximum

electrochemical storage capacities of the gas-atomized 1,aNi4075SnOe25  and

M~~~Ni~.5CoOo8A10.4MnOoq  alloys were found to be smaller than the capacities of annealed

alloys prepared from ingots.

Keywords: Metal hydrides, Gas atomization, Rlcctrochemical  hydride properties, hydrogen

storage alloys, Ni-M H battery alloys, LaNi5



IIl[roducl ion

I<arc cw[h AI15 1 ]auckc phase alloys aIc king LISNI cxtcnsivc]y  in nega[ivc clectmdcs

of Icchargcablc rlickcl-mcla] hydride (Ni-Ml 1) ba[tcrics. Stikai, c[ al. [ 1 -3]  have dcscribcd lhc

i[nlnr[ancc  of alloy composition, s[oictlic)tllc[rj~,  and Illic]oslll]cllt]c  on both clcctmdc

]Jc.lfol[ll:illcc anti d[]whilily  durin~  clcc[lc)cllct]lic:~l  ct~atgc-clisctlalgc  cycling. in particular,

vari:itions  in alloy casting conditions ar]d tl]e.mla] pmmssing have bc.cn shown  [ 1 -3] to

in f]ucncc.  hydmget] al]so]j~li  ol~-clcsolj)tiol~  pm])c]  [ic.s anti cycle life of mischmctal  (Mm) bascxi

AI15 alloys. ‘1’hc. rcccn[ly  dcve.loped lligh-prcss~lrc  g,as atomization  (1 lI>GA) ])mccssing

tc.chnolo:y  14 I }nay oft”c.r  Iwnefits assori;itc(l  \4’ith  ]:~])icl-s  [)li(iifica[ic)!]  cffcc[s,  \k’}]ic}l could

c.nl~ancc  hli-Ml 1 I>a[[cl-y  lx[foti]l:tncc  cll;tiautc( is[ics wi[h  lower cost h4n]-base.d alloys. 111’(iA

is Imin: Cxl)lorc>[i  ;]s it s~lhst i[~l[(’ f’ol Ihc COIIIIIIOII  (on~l~lcrcial  practice of Inanufact[]ring  1.aNi5

~K)w(icIs  fr{)In  chill-c{ls[ ingots  [tlal IljL]s[ I}c cx[rnsivcly  :inrlcalc.d 10 tlomogcni7.c  [he Cast

t~~i(:lostt~lc{~]tc  prior [o tm:chani (’al  crushing  and y,tin(iin:,  An cxpcc(d advan(agc  for 1 ll)CiA

alloys woll]d  [x hmm):cncily  of the u:ij)i[lly soli(lifiui lllictos[l~lctll]c  14] that shollld yield

and



alloys WCIC pmducui  with the prc\~iously  dcscrilml  [4]  Ames l.abora(ory II I>CJA system.

$kxinning  CICX{IOII  micrographs  of the. l)alliclc,  shapes and size (iis[ributicms  for as-prepared ~as-

at[)llliz.c(l( GA)l. aNi5al~ci  L41]~Ni~.5(;{y),  ~Alo.qh41]()~  alloy samsh  own inl;igurc la and Ic,

mpcclivc]y.  X-my di f f ract ion pat(ctlls  wcwobtaincd  using an lNTI;I. (;l)S-120]J  C~\V(lC.I

(liff]ac[]c)l]lc[cr\+’itl~  (k) Kuradi:ition. X-lay(liffr;ictol]lctlj~  (Xl<lj)rcvcalcd  GA-1 .ahTi5totx

br(mdcncd peaks and indications of small (Il]:inti[ics of sccondaly  j)hases.  AdditioI]al

cl~a]actc]iz:itic)tls  of II]C l~~icloslltlcl~trc  for (; A-l .aNi5 am IcpoI[cd  by AIKICISOII, C( al. [4].

vclsiotl  of a pm\~io~lsl}’ dcscritmi [ 5 I all IIlc.tal Sic\/cr[s’  :,as-\’CllLllllctI’iC  a]lpamt~ls,  Surftdcc

al cas of as-pmd(md  and activated, pas-cycled p[nvdcrs  wmc (iclcmincd  hy the llmnaucr-

l;l]llllctt-”1’clle.]  (1111”1’) tc.chniqllc ~]sir~g i]i[mge.n  {:as in a hflicmt]m[i(ics  h40del 2360 ar~alym.

‘Ille c]cc[mlcs  for the cyclic  t:lc.c[rocllcrlli(al  Iifc.titnc stwlics contained “/6%J  activated

alloy powdc.r, 19% lhl C() nickel powdu  as a cxmdmtivc  dilmmt,  and 5% ‘1’cflon  binder

]> ICSSCXI a( S70 K m}to an cxpndcd  i~ickt:l scIccI~. NiooI” 1 /Ni(ol 1)2 serve.d as the countm

clc.ctmdc and a 1 1:/1 1:(.) wfcwnc.c.  clc.ctmic ww also  usLd.  ‘l”hc. cle.ctmdcs wtm conlaincd ill

all ()-ring scald, flooded prislnatic ~l;iss CCII \\~i~tl a 31 \vt% KO1 1 c.lcctmlylc.  solution. ‘Il]c. c.cII

assci]~hly  and mC:ISLII-t’n  WII[ ~JIwcdIIIcs  have t)ccrl  Ihomugh!y  (icsctit>cd else.whc.rc [6].
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llo\\’[lMll, cl al .1

]ncasumi  at (I)c  Univc.mi(y  of VcIInoI-11 by 1 NO, CI al. [?] ON a high purity 1,aNi5.()()  sample.

})1 c.pam{ by aIc me,lling  and annealed al 1 ()”)3  K fot a uwk, No discc.mablc diffcmnccs  ir] tout]

lIydmgcn cal):icily,  plalmu  pIcssIIIcs,  hyslcmsis,  of. width of [k c1 - [3 region  arc noted

klwccn  (I1C unaIlncalcd gas-alomimd  and annealed arc-melted mnkxia]s.

l;ig. 1 b illt~stmtcs that cxtcnsivc ft:icl~l]ing  had OCCLIIICA  in the GA-l,aNi5 par(iclc,s

wi(h  diamxm  grcalct  than 1 ()- 15 I(II1,  Sulls[alltia!  tmm!c.ning  of the x-ray diffraction  peaks,

wi~ich mmsponds  10 partic]c size. mlllc(ion and micmslmir~s  induced during hydridir~g  [8],,

was obscIved  following the isolhcm Illc:tsl)iclllctlts. l;~ltttlctlllolc,  the 1{1;1’ suIfacc  area of the

as prc.pawd  (i A-l ,ahTi5 alloy ir~cmascd fmn~ (),()1 m2/y to ().2? m2/g af(m the fifth 1x’]’



‘j’hc storage capacit ics d[II ing I’(KNN lcm])cra[urc Cyc]ing  of C]cc(mchcmicx+]  cells

falwicatcd  fmm [he (; A- h41~lNi~f(;(J(),  ~Al(),~N4(l(),~  alloy ac(ivalcd by one. or tc.n gas-phase

:{llsc)l’IJ(  i(~tl-(lc.s(~li>t  i(>l~ cycles  arc. pmscntcd  in 1 ‘i:..  4. ‘1’hc  nwiximum  etcctmchcmica]  storage

capacities of Ihcse  cells with 111’GA MrllNi~,5~o~, ~Alo.~hflr~(),~  were only about 100 -12.0

mAt]/g,  which is WC.]] Ixlow ttlc maximum capacity of 250 mAh/g  shown in f;ig. 4 for an

induclion mcltd alloy of similar c.olnposilion  c)l>lainc~l  L]ndc]  i(icnlical  conciitions.  It is possib]c

t iIaI t i~c ixmt clec(lt)cl~clljic:li  i>c.ilavior of [k :as- atomiz.  cci A135 alioy rcsul[s  from tiw lack c~f

lmcluring  of s!ablc  :in[i lcnacio~ls  s~lrface cmmsion filllls since the activation pmccciums

gci~c.l”atc(i  vcty  Iilt]c fulclu  ring as silown in l;i:. l(i.

1 iydmgcn  aimwi~lion  :in(i  cicsmi)lion  isothcms wcm  mcasurcci  at mom t e m p e r a t u r e

(i.e.,, 296 K) for (]rl:inl~calc(i  GA-1 ,ahTi~,75Srj02~  after fi\c ac(iva(ion  cycles. ‘J’hc.se  results

arc conli>auxi  in l;i::. 5 to IIlc men]  tc.l~l})c]”at~lrc  (i. e., 3(X) K) isot}lcnns  obtainc(i  by 1.UO, et al,

191 on anT~caicd alc-n~c.ltc.cl  1.aNi5. yStly \4ith y = (). ] , (). ?5, arlci  ().32. Aitlm]gh (he  i)y(iIO&Cll

SICJM:C c:ii)aci[ics for imIII y = (). ?5 ailoys ;iIc IIcaIiy i(ic.t~[ical,  tile isolhcms for [hc }li]GA

)lla(crial  C.xhii>i[ Ia(lK’r steep sloixx across lIIC i~i:ileau m:.ion  anri a iargcr  Ilystcresis m(io.  1 ,uo,

cl al. [9]  four]ci vcty  silnilar ciiffcrcnces  tx[wccn  uIMI~IIcalc(i  aIKI annc.aleci  (1073 K for M) aw-

mcl[ui 1 x-ih1i4, -/7 Sno,2~, wtlic.i~ is commoniy  at~rit~tltcci  [ 5, 9, 101 to an inhcmmgcncms

(iislribution of Sn \vilhin  the lllicl(~stlllcl~l[t’.. ‘1’ilis  ir)lc.li)lc[aliofl  is consistcl]t with t h e  plalcau

i>l’css(ll”cs  given in Ii:. 5 for St) conli~osit  ions bclwc.cn  y : ().1 ar)(i y = 0.32. 1[ is also

consis[c.n(  wi[h lhc I>macit:nc[i  x-ray (diffraction i)caks for [i~c GA-1 ,aNi~75Sn025 compare(i  to

c.i(i~cl [i A-l,aNi5 OJ aIIIlc:ilc(i  1,ahli5. ySll),. Alttmugil  the sioi>it~g  i~latcau for GA-

1.aNi~,-/5Sl~()~5  is nearly as wi(ic as fol (i A-l ,aNi5, S1{M micmgmpils  af[cr five, activation

cycles  l“cvcalcci  no fmctuting  for ]Xir[iclcs L]i) 1040 pm in (iiamc[cr. 1 n a(i(iit  ion, the suIfacc

alva only inmcasc(i  flxm an initiai v:iiuc of ().()() 1112/g for [he :is-ilwi~arc(i  imw[icr  [0 ().()9 m2/.g

Iollowing  ti~c ac[i\l:ili[)ll (yclcs.  As scc.n  ill ti~c (iA-l~liscl~tjl~:t:il a]ioy,  activation (iici not change

[Iii x-t;ty (iiffu;ic[ion  I>(;lks of II]C (i A-l ,;~h’i.q  ~ 5SI~().?f :iiio}. I icnm an itlil[)lllo:,ctlcc)~ls. .



tlydmgc.n  s[magc cap:icitics  aIId cquililmium  [IIcssLII”cs s imi lar  10 malcria]s  prcpamd fmm

anrmlcd  ingms 12, 5, 7-9]. Whc.  n used in c.lc.c~l-c~cl~cl~~ic:tl CC.l IS, t~o\vcvct,  unannc.  alc.cl llI)GA

h41~lNTi~.5C:()().~Al(),d N4110.3 an(l 1.aNi~,7jSno~f  h;tvc ICCiMd c:ilmci[ics and more mj)id

(icg,radalion than ((ll)\’(’l)liot):tlly  pmmsscxl  alloys It isan[icipa(c(l  that Substantial impmvcmcmt

in tllcsccl  cc[locl][’.lllic;ll  I)wpcrlics can bcol)lainv({  by al)])  lo])[i:i[c:il ltlc:tlirlgs [3] of (he gyis  -

atmni7.  cd alloys. ‘Ihcsc  sludics  aIc in pto:mss.
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lig. ?.. (hml~arison  of hy(itoyen  alm)q)lion  (ol)cn symbols) and dcsmplion  (closcxi  symbo l s )

mom  tcmpcralurc  iso[hcms for 1223  K at)nc.alcd iitc-mcl[cd  and unanncalcd  gas-a tomiz.cd

1.aNi5.
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